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|. Overview

The models used to assess the Eastern Bering 8&) éad Gulf of Alaska (GOA) stocks of Pacific cod
(Gadus macrocephalysvere reviewed during the dates March 14-18, 2@ithree scientists contracted
by the Center for Independent Experts (CIE). Téwewers were Drs. Yong Chen, Chris Darby, and
Jose DeOliveira. The reviewers’ reports were naaglable on April 22. This document summarizes
the recommendations contained in the reviewerginep Recommendations cover not only the topics
contained in the ten Terms of Reference (Sectipmlit several other topics as well (Section Ill).

The procedure used to organize this document whlaws: Recommendations within each topic are
listed in alphabetical order by the reviewer’s la@te and labeled with the reviewer's initials.r Each
reviewer, recommendations are listed in the ordesrgin the reviewer’s report, except in cases wher
recommendations have been moved between secti@ubsections to improve the flow of the document.
In cases where a reviewer made exactly the saroenraendation multiple times, the recommendation is
listed only once; in cases where a reviewer mageoajpmately the same recommendation multiple
times, either the recommendations have been memeaady the most specific version of the
recommendation has been listed. Each recommendatiisted verbatim with enough accompanying
text to make the context clear. For ease of rafergeach recommendation is followed by a short,
paraphrased summary (shown in italics, surroungeestibare brackets). It should be emphasized that
these summaries are only “pointers” to the acteedmmendations, and are not the recommendations
themselves.

Recommendations are color-coded as follows: blaskecommendation that would be handled most
appropriately by the senior assessment author, (esfimate ageing error externally”), recithera
recommendation that would be handled most apprtyiay someone other than the senior assessment
authoror a recommendation that the reviewer explicitly dieel to someone other than the senior
assessment author (e.g, “continue existing researeye determination/validation”), blue = a
recommendation that would require programmatic ghge.g., “change requirements for observer
coverage”). Recommendations for additional infarorato be included in the SAFE report were among
those considered to be of this third type.

Table 1 lists the summarized recommendations. t#l &6 147 recommendations were catalogued, of
which 126 were unique (i.e., not duplicated by ipigtreviewers). Dr. Chen contributed 61
recommendations, Dr. Darby 49, and Dr. DeOliveifa 3

I1. Recommendations on topics contained in the Terms of Reference

Ten terms of reference (the first two of which wenaded into four and three parts, respectivelgyev
specified. Reviewers were asked to make recomntiendavith respect to each of them, for both the
EBS and GOA Pacific cod models.

1: Use of age data

la. Use of age composition data

YC1: Continue exploring various methods ... to reducdikeihood of having ageing errors before
ageing data are used in stock assessif#&untnmary: continue existing research on age
determination/validation]



YC2: Estimate age error probability either outsidénside the SS3 (personally | prefer it is estada
outside of the model to reduce confounding of d&fe components in the parameter estimation)....
Ageing errors and variations should be estimatesidel the SS3 moddlSummary: estimate ageing
error externally]

YC3: | believe the age verification process culseamployed by the AFSC is scientifically sound and
can yield results that can be directly incorporated stock assessment modeliffgummary: retain use
of age composition data]

YC4: Evaluate hypotheses of low catchability of agesR in the survey(Summary: explain missing 2-
year-olds in GOA survey]

YC5: However, the on-going and proposed reseaffantefin validating annulus may be complicated by
fish migrations and large temporal/spatial tempegastratifications in the stock areas, resulting i
inconclusive resultsDther approaches such as using Pacific cod helduaculture facilities, evaluating
back-calculated size at age for annulus, and cdimdumore extensive tagging studies should be
explored for annuli validatiodlSummary: expand existing research on age detertivim®alidation]

YC7: Because age composition data were derived snmsamples of length composition data, using
both in the same survey is essentially equivaleniptweighting size composition data. If both s#ts
data are used in the SS3, they should be down-tesigiccordingly so that this set of size (both ek
length) composition data has the same weight & sthe composition data (e.g., having a weighting
factor of 0.5 for both age and length compositiatadn the survey if they are both used in the SS3)
[Summary: downweight age and length data if both @sed)]

CD1: The procedures for collection of otoliths &eagth samples are considered approprj&emmary:
retain current otolith and length sampling proceesir

CD2: Inclusion of the ageing error is appropriaggven the lack of agreement between readers.
[Summary: retain use of ageing error matrix]

CD3: Given that:
1. there is information on the error in the readinghef age, based on an agreed standard for
determining ages, and
2. there is a known potential bias within the age irgthat is being investigated,
then the inclusion of the age composition datédérhodel fit is considered approprig@ummary:
retain use of age composition data]

CD4: If the research into age reading establishemaaprotocol for determining the age of cod tkat i
accepted as the new standard, then one suggestioetiicing the uncertainty inherent in the asseasm
would be to use otoliths collected from the comnaiftishery at regular intervals (e.g. every thyears)
to augment the survey information. This would regjai relatively low increase in sampling levels but
would help to stabilize the model estimates fromititreased information levgSummary: if ageing
criteria change, include fishery age compositiotagia

JD1,2,3,4: Age composition data are valuable, bed tontinued use, coupled with an ageing error
matrix, is highly recommendedhis approach is supported by ongoing researchaigéodetermination
methods and validation techniques, and this ongasgarch is encouragékhe application to fishery
data is also encouragdg@ummaries: retain use of age composition datagiretise of ageing error
matrix; continue existing research on age determinatiomndesion; include fishery age composition
data]



1b. Use of mean-size-at-age data

YC7: Use of mean-size-at-age data in the modeighigrtepeats the size composition information
already implied in length composition data and egposition data (if both used) in the model. This
may subjectively put extra weight on size compoasitilata. If between-individual variability in grdwt
can be estimated outside the model (see my comrhbelti®), use of mean-size-at-age data in modeling
is not necessarySummary: if length-at-age variance estimated enddly, omit size-at-age data]

CD5: Mean size at age was included within the mealallow the fitting of cohort specific growth. tiis
model is not used then the data is not requirel.r@hs 10 and 11 evaluated the removal of the raizan
at age[Summary: if cohort-specific growth not used, osize-at-age data]

CD6: As mean size-at-age is derived from the saifogrmation as the age composition data (age and
length frequency samples), the data are not stilndlependent and therefore if it is to be inclutiesl
correlation with the age composition data shoulddresidered carefully (halving the likelihood
component contribution?)Summary: downweight age and size-at-age datatli bhoe used]

JD5: The appropriate statistical treatment of nafependent data (e.g. when data based on the same
samples are used in two components of the ovétaliHood) should be investigat&ummary:
investigate appropriate weighting of non-indeperiataia]

1c. Use of ageing bias as an estimated parameter

YC8: Given the complexity of the SS3 model, | bedidt is difficult to interpret the estimation rédtsufor
ageing bias and variation in modeling. Becauserparars are, to varying degrees, correlated, adeasy
and variation may not be estimated independentbtiuér parameters. These estimates may not reflect
real ageing errors and variations. Rather, they mefigct combined effects of errors and variatiohall
data sources. An external estimate of ageing eamusvariations may be a better way to incorpdiade
uncertainty of this information in the stock assesst.[Summary: estimate ageing bias externally]

CD7: The bias estimated by the model will arisdipby from the laying down of false rings, as
highlighted by the otolith chemistry studies, batildl also result from an inappropriate formulatadrine
growth curve - in terms of either, the use of gEmgrowth curve when variable growth is more
appropriate, or a formulation that is not suffitlgrilexible to model the specific seasonal (angioaal)
characteristics of the length data from the fishEBymmary: consider variable/flexible growth as an
alternative to ageing bias]

CD8,9: One area of concern is the modeling of &aa single value starting at age 2 and which is
modeled as a parameter with a symmetric distributicche bias results from the formation of faiseys
then would not bias increase with age as the oppitytto form false rings increases? In addititne t
study by Kastelle et al. indicated that many ofdtaith ages were read correctly for the remairedgr
was over-estimatedthis would seem to imply an asymmetric bf@ummaries: constrain ageing bias to
increase with ageievise SS to allow for asymmetric ageing pias

JD6: The feasibility of internal estimation of aggierror bias should be explored (the runs consitby
the review panel were not focused enough to con#ieproperly)[Summary: explore internal
estimation of ageing bias]



1d. External estimation of between-individual vhiiigy in size at age

YC9: | suggest back-calculating length-at-age data usiabiths to derive length at each age for eadh fis
with its corresponding otolith sampl&.nonlinear random effects model explicitly assartieat an
individual's growth parameters are samples takemfa multivariate distribution, which can then be
applied to the back-calculated length at age ddaat(2001; Pilling et al. 2002) to estimate between
individual variability.[Summary: estimate length-at-age variance by diddéck-calculation]

CD10,11,12: Presentations to the review establigitdestimation of between-individual variability
size at age could not be achieved internally.... &8 and 6 fitted to the BSAI cod and 5 fittedhe
GOA cod both estimate variances for the standavéhtien of mean length at age that are signifigantl
larger than the majority of the observations. Thethnd by which the external estimates are obtzémed
entered as external estimates in the fitted madealensidered appropriate at this stage in the inode
development. However, ... there appears to be cuevaiithe data at increasing size at age. Is this a
artifact of temporal changes in the linear relahip such that plotting them together appears lioear
or is a more complex relationship between the stahdeviation and mean lengff8ummaries: estimate
length-at-age variance externally; retain curremopedure for estimation of length-at-age variance;
investigate apparent curvilinearity of length-ateagariance]

JD7: The provision of external estimates of betweelividual variability in size-at-age data should
continue as is (efforts to estimate them internallye not successfulSummary: retain current
procedure for estimation of length-at-age variance]

2: Data patrtitioning/binning

2a. Catch data partitioned by year, season, and gea

YC10: Given the strong seasonality in fishing dttiand large differences in catchability/seledtivi
among different gears, | believe the current partibf catch by year, season, and gear is a reakoaad
logical approach.Summary: retain current partitioning of catch daig year, season, gear]

YC11: However, the variability of catch quality angpyears, seasons and gears needs to be carefully
evaluated[Summary: evaluate variability of catch data qualtty year, season, gear]

YC12: Other sources of fishing mortality that are curyenbt included in the cod catch estimates also
need to be evaluated. These include baits use@infisheries, recreational fishing, subsistenskirfig,
and research surveys. Part of Pacific cod mortadithe halibut fishery is also not included in ttusl
catch because of lack of observer coverfgemmary: include catch from all sources]

YC13: 1 suggest that observer coverage should not bendieted by vessel size. Rather, it should be
determined by data needs, and should have a gpoesentation of gear and vessel size composition in
the fishing fleet. Bummary: change requirements for observer covérage

YC14: Because the current (catch accounting) progranstiae overlaps in catch reporting from
different sources, data from different sourcestmaocompared and cross-validated. Such a study can
yield some insights about potential errors in ca&stimates from different sourcéSummary: compare
and cross-validate catch data from different sogfce

YC15: Given the importance of the catch data in the assest, | suggest conducting an extensive
computer simulation study based on the data celieict the past to evaluate the effectiveness of the
current sampling/reporting system in yielding caéslimates, to evaluate potential error sources and



levels of catch estimates, and to identify alteueasampling/reporting program desigffSummary:
evaluate current catch sampling/reporting systemsunulation]

YC16,17:1 suggest estimating uncertainty associated witthcastimates to develop a plausible range of
catch estimatesyhich can be used to evaluate impacts of unceytasdociated with catch estimates on
stock assessmefiBummariesestimate catch uncertaintpnce catch uncertainty has been estimated,
evaluate its impacts]

CD13: Following an analysis of the seasonal stmectdi the amounts of catch landed by month the
optimal seasonal structure for the catch modelawasidered to comprise 5 seasons for BSAI and GOA
cod; differing by stock. Three selectivity periate defined for each gear type which overlap thehca
seasons. The reasoning underlying the approactharahalysis to identify the seasonal components is
considered appropriat(Summary: retain current seasonal structure forataéind selectivity]

CD14: 1 would have doubts about the utility of dlajesed model in which length compositions are mhixe
across gears in proportions that have change migraad quickly during the time serigSummary: do
not aggregate catch across gears if selectivityalsl constant]

JD8: Catch estimation for Pacific cod is underpinnedbth industry reports and one of the most
comprehensive observer programs to be found angapeesentation 9 and report 20, Appendix 1).
Although variance estimates are not currently abdd, they are in the pipeline and could be used in
future to challenge the assumption of no erroptaltcatch data in current assessment models. The
provision of these variance estimates should bewaged, if practicable, to ensure the models asedb
on appropriate assumptions regarding the catch [fatmmmary: estimate catch uncertainty]

2b. Size composition data partitioned by year, @@agear, and 1-cm size intervals

YC18: Given the strong seasonality of fisheries lange differences in selectivity/catchability and
fishing seasons among gears, | believe the cupaatition of fisheries catch size composition bgsm
and gear is necessary and reasonable. The cueastrgl partition also yields the best model imtlost
recent assessmefBummary: retain current partitioning of sizecomgta by season and gear]

YC19,20: Size composition data for fisheries cathderived from various sources and are likelyeatb
to various errors. However, | did not see the gtiaation of uncertainty associated with size
composition estimates for fisheries data. In-depthlyses should be conducted to evaluate if thityjua
of size composition data for fisheries catch vaithwear, season and gear. Variation or confidence
intervals can be estimated for each size bin dsatats for uncertainty associated with size coritjurs
data.[Summaries: quantify uncertainty associated wishéiry sizecomp data; evaluate variability in
quality of fishery sizecomp data by year, seasear]g

YC21: Changes in many factors may influence selggtcatchability in fisheries, which may affecttch
size compositions. For example, changes in baéd wslongline and pot fisheries among years and
seasons may result in annual variations in catthgbelectivity. Squid, which were used in the pas

bait, tend to have high catchability, but have®eb used on a large scale in current years bechsgh
prices. Such changes from year to year may inflesie composition data and should be considered in
determining year block. More in-depth analyses khba conducted to identify factors that may affect
selectivity/catchability and evaluate how theseadecvary among years and seasons to justify the
partitions of catch size composition by year arebsa[Summary: justify blocks based on analysis of
factors that may affect selectivity]



YC22: For a given model configuration, data of eliéint fleets can be deleted one at a time to igenti
which fleet has had the largest impact on the assest. Those that have had limited impact can be
removed to improve model convergen@ummary: omit fleets that have minimal impactshen
assessment]

YC23: | suggest that more study be done in theréutin explore the dynamic binning approach.
[Summary: explore dynamic binning]

YC24: 1t also should be noted that the size interval ofrilused to group length data implies that
measurement errors for fish length should be smidda 1 cm. This is probably a reasonable
assumption, but should be explicitly evaluated eledrly defined to ensure that quality of dataexikd
is adequate for such fine binnifummary: evaluate precision of length measurenents

YC25: Area closure for Pacific cod fishing in thajor Steller sea lion habitats in 2011 may affect
effective cod stock areas included in the stockssmaent. Because of spatial variability in cod size
composition, lack of size composition data in ma@a lion habitats from 2011 may introduce extra
variations in size composition data. Possible irtgatthis closure on size composition data shoeld
evaluated and considered when partitioning sizeposition data by yeafSummary: evaluate effects of
recent SSL area closures on sizecomp data]

YC26: For survey catch-size composition data, erstiould be relatively small, compared with fisegri
catch-size composition data. Howevaiyvey stations in EBS and Al are fixed, and meue\sis needed

to evaluate potential impacts of such a desigrherquality of size composition data. Uncertainty
associated with size composition data should bmattd.[Summary: evaluate effects of survey sampling
design on sizecomp precision]

CD15: The finer 1-cm bin structure for the size position data was introduced as a refinement twmall
the analysis of length to correspond to the sdalehich the data was collected. In the range oftles

for which large amounts of data are collected fthenfishery by gear this is considered appropriate.
However, at the smallest and largest sizes fimamibg introduces large numbers of zeroes in thgtten
distributions. Dynamic binning was examined atrtieeting in runs GOA9 and CIE9 and appeared to be
the way forwardQuestions were raised during the review about h8® teeats sample sizes when
combining bins, and this should be investigaf®dmmary: investigate treatment of sample sizeSin S
when merging bins]

JD9: Teresa A'mar raised the possibility of a cgdenror with how SS treats effective sample sizenvh
combining bins[Summary: investigate treatment of sample sizeSimvBen merging bins]

JD10: Although the finer bin structure may be fiisti for smaller sizes, this might not be the dase
larger sizes, and a coarser bin structure shoutkpkered for the lattefSummary: explore coarser bin
structure for large sizes]

2c. Age composition data partitioned by year, seasnd gear

CD16: Commercial fishery age composition data feingle year was used in earlier models for BSAI
and GOA cod but not in recent assessments. Ussinfke year's data can be problematic in terms of
weighting and therefore its omission is considexppropriate[fSummary: do not use the existing small
sample of fishery agecomp data]

CD17:The trawl survey for GOA cod is separated by lenigth sub-27 and 27-plus components, which
is carried out to help the model resolve a missnagle in the length frequency data for age 2 cod. Th
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way in which the size composition is modeled is#ifact of the restriction to the SS program, ikisot
ideal; it would be better to have an assessmenthibdt allows allow for this, as the current sont
requires extra parameters to fit the mofl@hmmary: include a bimodal, parametric selectivtyve in
SS]

JD11: The partitioning of data to deal with datatiges (e.g. change in gear) and limitations in SS
functionality (e.g. lack of bi-modal selection)ssnsible[Summary: retain partitioning of GOA survey
data into sub-27 and 27+ ranges]

JD12: However, there are problems with the fitt® GOA sub-27 index (exact fits, indicating over-
parameterisation) that need looking irf@ummary: explore possible over-parameterizatioGGfA sub-
27 catchability]

JD13:The SS developer should be encouraged to inclinieradal selectivity curve option to avoid the
ad-hoc length split, and thereby improve the gdrianationality of SS[Summary: include a bimodal,
parametric selectivity curve in SS]

3: Functional form of the length-at-age relationsland estimating the parameters thereof

YC27: The Richards model, even though more gengrayjdes no better fitting than the von
Bertalanffy growth function (VBGF) in one of thesteuns conducted during the review. Thus,
VBGF is sufficient to describe the length-at-agatrenship.[Summary: retain use of von Bertalanffy
growth]

YC28: Fitting length-at-age data outside the SS8ehto estimateggage at size of 0) may be an option.
Because of the availability of small/lyoung fishsurveys, it is likely thatgshould have a negative value
if this approach is taken. This negativevalue can be fixed with the other two parameteiad

estimated for VBGF in the SS3 model to ensurettimsize at age 0 is positij&ummary: estimate,a
externally]

YC29: Estimating VBGF parameters inside the SSBpagh allowing for flexibility in adjusting growth
parameters to better fit size composition and datgy, create unnecessary correlations between growth
and other life history and fishing processes. Fooraverged run, a close evaluation should be done f
the variance-covariance matrix to evaluate possibteclations between growth parameters and other
model parameters. High correlations should be Bio#ily justified. If not, spurious correlations yna
result from tradeoffs of different life history afidheries processes in model fitting, and thengestiés of
growth parameters (and other parameters, for thisem) should be questiond@ummary: estimate
growth internally only if correlations are justitide]

YC30: Alternatively, estimating growth parametetgside the SS3 may also be a choice, although this
may result in poor fitting of size composition dgBummary: consider estimating all growth parameters
externally]

CD18: For the BSAI cod the model fitted with thewngrowth formulations had a worse fit to the data f
the GOA cod (which did not require the initial I¢éingo be constrained) there was a marked improvemen
in the model fit. The Richard’s function is moreXible but there are problems in its fitting, pdiaihy
implying that it is not flexible enough at the ygast ages/sizek.would be beneficial, given the

potential link to bias estimation, to evaluate otlumctions if the Stock Synthesis author can be
encouraged to code the[Bummary: include more flexible growth functionsSi]



JD14: The need to constrain one of the growth patars to be positive to enable the Richards growth
curve to be used leads to poor model fits whendtisstraint becomes active (e.g. for EBS, but oot f
GOA). This indicates thahe constrained Richards model is actually lesslfle than the unconstrained
Von Bertalanffy model in some cases, and that rfieréble growth models should be considered.
[Summary: include more flexible growth functionsSii]

4: Number and functional form of selectivity curesimated, including assumptions regarding which
selectivity curves should be forced to exhibit gstpitic behavior

YC31: Current choice of selectivity function tertdshave large flexibility to let model fitting dets the
selectivity curves, although in some cases seléci/forced to follow the curves. In many cadbgre
is lack of justification for the choice of a pattiar selectivity function for a fishery. | believelevant
hypotheses should be developed to explain the ebgelectivity curves. This has not been done
explicitly, giving me an impression that the choafeselectivity function was rather ad hoc and even
arbitrary.[Summary: develop hypotheses to explain deriveztteity curves]

YC32: Forcing a selectivity curve to exhibit asywotjit behavior implies that fish in large sizes/ages
100% available to and selected by fishing gearai@tethis may not be true for longline and potdnese
they are passive fishing gears and more size sge8ecause selectivity here also includes fish
availability to fishing gear, it is also hard todgine that 100% of fish of any size class beconadahle
to trawls. However, if fish of certain size clasbesome unavailable to fishing gears, they argadtof
exploitable stock biomass. In this case forcingdality to exhibit asymptotic behavior yields the
estimates of exploitable stock biomass. This shbeldonsidered in interpreting stock assessmeultses
[Summary: consider the possible effect of partiaikbility to the fishery]

YC33: Seasonal selectivity is biologically justdfibecause fishing activity is likely to vary greadimong
seasons and fish distribution and availabilityishihg gears tend to have seasonal patterns. Thus,
believe current seasonal selectivity is reason@®lenmary: retain current partitioning of selectiviby
season|

YC34: The choice of time block for selectivity ether arbitrary (BSAI). | believe that a random kval
over years may be a better choice. Once a modeh iwith random-walk selectivity over years, the
temporal trend of selectivity plots needs to bengirad closely to identify any temporal pattern. The
identified temporal pattern can be used in therfuta decide the time block for selectivity. Forltiple
fleets, | believe we need to evaluate one fleattanhe for their temporal trend while holding other
constant[Summary: evaluate selectivity trend using randoatkpwone fleet at a time]

CD19: This is clearly an area for which there reead for more analysis, as is the case for thistcaint
in the majority of stock assessments. In genergétad trawl fisheries are assumed to have asyroptot
selection, unless there are specific spatial optaal reasons for assuming otherwise. If possitdeesm
information from tagging studies or linkages toussptions made in other assessments with known
selectivity for large fish by the same gears isuneggl.[Summary: if possible, link selectivity to tagging
studies or other assessments]

CD20: Comparisons with the base model fits indioaigroved diagnostics in the models fitted with the
block structure - indicating the need for modellatganges in time. However, it is not clear if the
transition points between blocks are appropriateiarsome cases the variation in the selection,
especially at the largest sizes, could result ffiting to noise. Where there is evidence of atdnf
selection parameters in time, a time series apfprshould be considered (similar to that used fer th
pollock assessment) and for those fleets whichadalmow significant change in time, a constant
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selection model should be adopted in order to renasvmany selection parameters as possible.
[Summary: use random walk selectivity, hold conistarere change is small]

JD15: The forcing of just one major fishery to hasymptotic selection (e.g. the Jan-Apr trawl fighe
for both stocks) should be explored. This is aeraltive to the ad hoc approach used to force aum
of fisheries to exhibit such behaviour for EBS, bagds to be justifiable, given the additional pseters
that may be requirelSummary: force just one selectivity to be asyngtistify this assumption]

JD16: The inclusion of bi-modal selection may av&otine of the issues surrounding the fit to theZub-
GOA survey index, and should be explof&lummary: explore bimodal selectivity for GOA syive

JD17: An alternative to block selectivity is to sader a constrained random walk over time, butig ts
not practicable, the current block structure cdgédustified given model selection criteria (thiasanot
verifiable during the meeting given the runs coaséd).[Summary: use random walk selectivity or
justify current blocks statistically]

5: Fixing the trawl survey catchability coefficiefior the recent portion of the time series such tha
average product of catchability and selectivity@ss the 60-81 cm size range equals the point egtima
obtained by Nichol et al. (2007)

YC35: Given the limitation, this may be the begptraach one can take. However, the study by Nichol e
al. (2007) was effectively based on 11 fishMare studies (e.g., tagging, acoustic survey tatitie

Pacific cod vertical distribution, and comparingatefrom varying headlines) are needed to imprawe o
understanding of survey catchabilifgummary: conduct more studies on survey catchgpiticluding
archival tags]

CD21:Adding to the data base of tags and releasesargar area will enhance amount of information
available for fitting the assessment modil@ummary: increase the area of release in taggingiss]

CD22: It was a concern that a large proportiorheftags (released in the initial FIT study) wetenrged
very soon after the study started, which would yrgmuch higher exploitation rate than that esttat
by the assessment. This was discussed with thogkictng the experiment who explained that the tags
were returned by vessels fishing in the area ofdabging very soon after releasiewould be valuable to
attempt to guesstimate the mortality rates of algs in time in order to ensure that localized high
exploitation rates are not resulting in problerhgadssible, it would be useful to piggy-back taggin
studies, using conventional tags, onto the datagtotag studies to enable gear selection to baatsd
especially at the largest fish sizESummary: add conventional tagging studies to feitarchival tag
studies]

JD18,19: The Nichol et al. study provided valudbkight into survey selectivity, but relied on afe
archival tags, resulting in estimates with poorcgmien. The assessments should continue to use the
Nichol et al. estimates, bany further work along these lines should be eramed [Summaries: retain
catchability estimates corresponding to Nichol le{2007) conduct more studies on survey catchability,
including archival tags]

6: Fixing the natural mortality rate at the valuercesponding to Jensen’s (1996) Equation 7

YC36: At this point, M, estimated based on Jensaréthod, is perhaps the most reasonable choice.
[Summary: retain use of Jensen’s equation to esérivg
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YC37: However, | believe age at maturity used torese M should be corrected if any ageing errors
were defined either inside or outside the mof&immary: use unbiased age at maturity when apglyin
Jensen’s equation]

YC38: In the future, if a Bayesian approach is usetie assessment, | recommend that informative
priors be derived for M using M values estimatethwiifferent methoddSummary: if approach is
Bayesian, derive M prior from alternative estimasfor

CD23: Internal estimation of M was attempted inlgsia CIE8. The model fit was considerably worse
indicating that there is not sufficient informatiathin the current structure to develop alternatalues.
The comments in this section apply to both the GIDA BSAI cod assessmentSummary: estimate M

externally]

CD24: Natural mortality estimates have been estnhat previous assessments and were found to be
close to those used currently. Therefore the ctufiead values are considered appropriggeimmary:
retain current estimates of M]

CD25:lt is likely that natural mortality varies (decrea$ with age/size as has been estimated using
multispecies models for the North Sea by ICES wuaglgroups; however until such studies are available
for the Pacific cod the single value is consideapdropriate to the current state of knowledgeter t
stocks and the information contributing to thegessment§Summary: once data are sufficient, use M-
at-age from multispecies models]

CD26: As more information/studies becomes available externally estimated value can be updated; bu
this should follow a full review of the model figmd consequences for management in a benchmark
meeting and not within the annual assessment pgdbasis conducted each yeg@ummary: change M
value only during off-cycle “benchmark” meetings]

JD20: The continued use of the Jensen-based nator#dlity estimates is sensible, unless othealpédi
studies (aimed at estimating natural mortalityRacific cod) come to lighfSummary: retain current
estimates of M unless studies indicate otherwise]

7: Input sample sizes for size composition andcageposition data, and input log-scale standard
deviations for survey abundance data

YC39: The variation calculated from the BS survey mayb®torrect because the current calculation of
standard error implicitly assumes that the suradipivs a stratified random design, while the actual
survey follows systematic survey design. The stathdaviation for the BS survey should be re-
calculated using the method consistent with theesudesign[Summary: adjust survey variances to
account for non-random design]

CD27:Early in the review it was highlighted by one of thanel members that the survey variance
calculations for the abundance indices were basdbeoformulation for random stratified surveys.
[Summary: adjust survey variances to account far-remdom design]

CD28: The rescaling to an average of 300 balafeew/eighting given to the information from the age
and the gear and season size composition sourgissimbikes the assumption that data collected fes ag
and size compositions are of equal quality/valughenfitted model. Data collected within a datarseu

for instance size distributions from a fleet andssm, maintain their relative weight within that
information set; this is appropria{&ummary: retain current method for computing inplutor
multinomial]
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CD29: If iterative fitting of the model using rewéiting according to effective sample size is uged,
possible that multi modal length distributions f&ag from incoming recruitment year classes at the
smaller sizes could be downweighted at the expehsinpler size composition distributions. Simijarl
fleets that have a very restricted selection rargksimple distribution pattern such as the pbiefig

would be given a very high weighting at the expesfshose with a broader range that encompasses a
number of modes from different year classes. Thi®o was explored between assessments CIE11 and
CIE12 - the fit of the model to the simpler ageicture of the combined commercial fleets in each
season dominated the model fit and the surveydistgbutions with more modes were considerably
down-weighted within the final modd¢Summary: do not iteratively reweight input N foultmomial]

JD21: The process for deriving estimates of inputigle size external to the model appears to betdens
and should continu¢gSummary: retain current method for computing inpufior multinomial]

JD22: In order to investigate the influence of éishsize composition data on model outputs, an
additional run was carried out for which the sipenposition data received very low weight in the eiod
fit.... The fishery size composition data could netdmtirely discounted (i.e. allocated zero weight)
because the data were still needed to estimaffistiery selectivity parameters. Compared with lrase
CIEO, there are differences in the model outpu. (arger Linf and large stock size at the stathef
time-series for CIE6), indicating that the fisherge composition data are having an impact, buéggn
stock trends are similar. Importantly, however]uson of the fishery size composition data leaxs t
more precise estimates of stock size (comparedamele “ts7 Spawning biomass (mt) with 95
asymptotic intervals intervals.png” for the two mats), which is important for the provision of
management advicESummary: do not downweight fishery sizecomp data]

JD23: Consideration should be given to a reviewat&rnative suggestion to use number of statiops/t
rather than number of sampl¢Summary: consider setting input N for multinonegjual to number of
trips]

JD24:The estimation of input standard deviations forghesey abundance data relies on the assumption
of randomness, but the EBS survey has a strasifistematic design, implying these standard deviatio
estimates are not appropriate, and their estimationld be re-visitedSummary: adjust survey

variances to account for non-random design]

8: Allowing for annual variability in trawl survegelectivity

YC40: | recommend that a general linear model (Glakil/or general additive model (GAM) be
developed to include variables that are considerde important in influencing survey catchabiligyg.,
temperature, bottom type, location, depth etc.pfreloping a standardized survey abundance index.
Such indices can remove annual variations in cailitya thus improving the quality of the input dat
and reducing the complexity of stock assessmenehwmhfiguration.... Although SS3 has a built-in
capacity to accommodate potential temporal trendglectivity/catchability/availability, | suggest
standardizing survey abundance index outside tlRat&&move the temporal trend in
selectivity/catchability/availability. The temporaénd in selectivity/catchability/availability idé&fied in
the standardization can also be compared withettmpdral trend derived in the SS3 to identify pdssib
differences[Summary: standardize survey abundance to removiecermental trends]

CD30: The surveys design is standardised as far as poasiterms of the trawl gear used, the time and
method of deployment, the vessels used to conbdadurvey and the sampling procedures. There may be
variation in the availability of cod to the survay a result of environmental change. Studies have
established that the spatial distribution of caties is related to the distribution of bottom wate
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temperature in the year of the survey. The steatiiesign should cope with this change but it would
provide an interesting PhD to analyse the potegffaktts of the changelSummary: analyze effects of
environmental changes on survey selectivity]

CD31: Given the standardization of the survey #ugprising that the models are allowing for chantge
survey selectivity, at the youngest sizes/agesgintiie survey design is attempting to minimizendty
be that the models are fitting to noifeummary: force survey selectivity to be constaetr dime in the
model]

JD25: Survey catchability is strongly influencedvisgter temperature, and any attempts to incorporate
this knowledge and data into assessment to helptifjugear-to-year changes in catchability (rattrexn
modelling annual variability in survey selectivishould be exploreSummary: tie changes in survey
selectivity to temperature, not time]

9: Setting the input standard deviation of log-scadcruitment ¢r) equal to the standard deviation of the
estimated log-scale recruitment deviations

YCA41.: Fixing thesy value in the input data from Myers’ database erdtandard deviation of log
recruitment derived in previous assessments mapeappropriate. In a given assessment year,dueli
adjusting the input standard deviation of log-seat¥uitment §g) equal to the standard deviation of the
estimated log-scale recruitment deviations reflduscurrent recruitment dynamics and is reasonable
[Summary: estimatey, iteratively]

CD32: | have little experience of this and othefigavers will comment; however, as with the iterativ
reweighting using effective sample size, ... re-waighof this form can lead to domination of
assessments by particular constraints or model onergs and if used without caution often leads to
misleading model fitgSummary: do not estimats; iteratively]

JD26: Consideration should be given to fixs1g externally to some sensible value (e.g. 0.6)eratan
using a time-consuming iterative procedure, whigy toe difficult to justify on statistical grounds.
[Summary: consider fixingr at an assumed value]

10: Use of survey abundance data and non-useladrffSCPUE data in model fitting

YC42: A habitat suitability modeling approach (e@hang et al. 2010) can be used to identify slatab
habitats for the Pacific cod, based on substrageand ocean observatory data (or model data),ttmeu
potential habitat maps in the BSAI and GOA and @ats whether survey sampling stations cover the all
effective habitat for cod in different age groufsch an approach can also be used to project p®ssib
changes in cod spatial distribution if key habiatiables (e.g., temperature) charfj@immary: use
habitat suitability to evaluate distribution viswds survey]

YC43: Fishery CPUE data are not a reliable abunglarex for the Pacific cod stodiSummary: do not
try to fit fishery CPUE data]

YC44: | suggest developing standardized fishery ERldta (Stephens and McCall 2004) outside the SS3
to remove factors that may result in temporal \litg in fishery catchability (Punt and Walker 20
Maunder and Punt 2004). The standardized fishetyECfdr each gear can then be compared to that of
each other gear and with the standardized surveydaimce index outside the SS3 model to evaluate
differences in their temporal trends and develgpotlyeses to explain possible differences. Such an
analysis outside the stock assessment model cas check the data that play critical roles in qifgng
temporal trends of stock biomass and identify factbat may influence survey catchability and fighe
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CPUE. Attentions should be paid to those factoestified as important in influencing survey
catchability so that caution can be taken in fusueveys to minimize impacts of these factors aneyu
catchability.[Summary: standardize fishery CPUE data]

YCA45: Current fishery CPUE data are not used inehfiding. However, these data are still included
the model, which may create confusion. | recomnteatithe fishery CPUE data that are not used in
model fitting be removed from the modgummary: remove fishery CPUE data from the model]

YCA46: If any analysis needs to be done betweengieztistock biomass and CPUE of a fishery, they can
be done outside the model to avoid confusiSBoammary: compare survey and fishery CPUE exteyhall

CD33: The trawl survey for the BSAI cod stock ipa@ated into two periods from 1981 and earlieregghr
years), and 1982 onwards as a result of a geageh#me data from 1979 - 1981 do not include age
structure information. The early period data waubd be expected to influence current stock size
estimates to any significant degree, the fit ofglze composition curves is relatively poor for suevey,
and therefore there would seem to be little painttaining it within the model fitffSummary: remove
pre-1982 survey data from the EBS model]

CD34,35: The exclusion of fishery CPUE data frondeddits is common practice. Unless standardized
the datasets can be:

1. representative of localized concentrations of tbeksat particular times of year,

2. affected by gear improvements changing catchapdity

3. altered by management actions, market and fuekgric
The current assessment fits the commercial CPU&Ewighout using it in the objective function. This
provides illustrative trends for comparison witle tinodel results and is considered appropriate. The
problem that will be encountered is explaining wiy trends may differ if affected by the factossdd.
[Summaries: retain fishery CPUE data in the modiel;not try to fit fishery CPUE data]

JD27: If there is no compelling reason to remowepte-1982 data for EBS cod, then they should be
retained[Summary: retain use of pre-1982 survey data inEB&S model]

JD28,29: Survey data are key to the Pacific codsassent and should continue to form the basiseof th
assessments. Continued inclusion of the fisheryEEB&ata in assessment models (although they are not
fitted) is useful for comparative purposes, andvadl an independent check on model outputs.
[Summaries: retain fishery CPUE data in the modiel;not try to fit fishery CPUE data]

I11. Recommendations on topics other than those contained in the Terms of Reference
A. General modeling approach

YCA47: In-depth analysis should be conducted totiflepossible sources of uncertainty for a givehafe
data and relevant analysis should be done to retiecencertainty and improve data quality BEFORE th
data are used in the stock assessment m&lehmary: identify/reduce uncertainty, improve dyabf

all data before use]

YC48: Given the flexibility and many choices th&3Sprovides for functions quantifying life histcapd
fishery processes, one needs to use backgrounanafion of the collection of fishery and surveyajat
fish life history theory, and local ecosystem te@ep hypotheses to explain choices and resultant
estimates. If a result cannot be justified in sos@able way, the assessment should be evaluated.
[Summary: justify choices/estimates involving lifgtory, fishery processes]
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YC49: The recruitment is currently measured asitimaber of age 0 fish in the Pacific cod stock
assessment. | understand the number of age Gf@mply a reflection (discounted for natural miatta
of the number of fish in older ages (say 3) bec#uses is no fishing mortality. However, given tiage
0 implies larval stage and that there are no olasiemns in survey and fishery, the biological megrof
the so-called recruitment is inappropriate andwedt-defined. As it is defined, the current recmgmnt is
neither representative of fishery recruitment mer tumber of fish larvae. Rather, it is an indeshef
recruitment. Although this may not be an issuddbefies stock assessment scientists, such a reeafsur
recruitment may be misused by others who are moita with the stock assessment. | believe it &ren
appropriate to measure the fishery recruitmenbh@sntumber of fish at an age group at which fish are
subject to fishing mortality (e.g., number of fishage 3)[Summary: report “recruitment” as the
number of fish at age 3]

YC50: A Bayesian approach has not been fully inocafed in the BASI and GOA Pacific cod stock
assessment. Thus, uncertainty in the assessmenbtbsen fully incorporated in the assessment and
stock projection under different harvest stratedi@gould encourage future assessment to fullyzetil
this function in the SS3Summary: use a fully Bayesian approach]

CD36,37: The need for such a time consuming progigtesing) results from the model structure punghi
the number of estimated parameters to the edgédaf i estimable; the models are or are closeitgbe
over-parameterised. The problem affects the revieedevelopment time that the assessor can spend o
testing and evaluating the model and the qualititroband sensitivity analysis that can be applitere

is a trade-off between the number of parametaesifiand the practicality of the fitting in termstbé

time available for development, review and reportm management. The stock assessments and the
assessor would benefit from reducing the paranzetigon, accepting that there will be uncertainty in
model estimates and developing management procethatevaluate and allow for that uncertairitye
management plan evaluations described by TeresarACould form the basis for such a change but they
will be extremely difficult for such a complex, sipmodel [Summaries: reduce the number of
parameters in the models;fewer parameters used, adjust for added undafavia MSE]

JD30,31: The need for a time-consuming processttdring” for each new model run to avoid local
minima and general problems of lack of converggruiet to the data and model configuration being
pushed close to the limit in terms of being estilmabhis problem affected the effectiveness of the
review, because on the whole, jittering was nosjids during the meeting due to time constraintsl, a
panel members could not be confident (to the exitteting gives such confidence) that results pnéasd
during the meeting reflected the best fit for aegivnodel configuration. More seriously, however, it
raises the possibility that the current modelsHBS and GOA cod are too close to being over-
parameterised. There are procedures for invesigatirameter redundancy (see e.g. Gimenez et al.
2004), and perhaps some of these should be employéiese models, if practicable. The model
configuration for CIE11 is one attempt towards difigation that may have some merit, and further
attempts along these lines should be encourd§edimaries: investigate parameter redundancy; reduc
the number of parameters in the models]

B. Possible future improvements to SS and R4SS

YC51.: Outliers are likely to exist in input data usedhe assessment, given that the data are derived
from different sources and are subject to diffetemels of errors. They may bias parameter estonati
stock assessment. Robust likelihood functions ednage impacts of outliers in size composition and
survey abundance index (Chen et al. 20[B)mmary: include “robust” likelihood functions &S]

CD38:It is assumed that once a new SS program has beeived it is tested by the assessment authors
to the extent that it can reproduce the previogesmnents results with the same data. In addftiot i
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already available a test data set with known patamngstimates and uncertainty that would be used to
benchmark new versions should be considdf&anmary: develop test data set to “benchmark” new
versions of SS]

JD32: During the meeting, a couple of potentialisggroblems in SS were identified. The first has
already been mentioned under TOR 2b above. Thendeetates to the lack of fit to the 2010 trawl
survey size composition data at the smallest siz&Siven that these are mostly age 1, and giverthieat
recruitment deviation has nothing else to fit lis tack of fit is surprising and may be indicativfea
coding error[Summary: see whether bad fit to 2010 survey allssizes is a coding error]

JD33:Particularly helpful during the meeting was to h#twe participation of another experienced
modeller (Teresa A’'mar) who also had experiencé wi#ting a graphics tool that could convert SS model
output into graphical displays (R4SS) — this proved/ useful and essential for the review process.
Nevertheless, the graphics tool had some feathee<tbuld be improved (e.g. it was not always clear
what some graphs referred to, and there were sooidems with duplicated or failed outputs).
[Summary: clarify graphs, reduce redundancy, imgroabustness in R4SS]

JD34:The fit to the GOA 1990 May-Aug Trawl survey sizengposition data produces enormous
residuals at the smaller sizes in “comp_lenfit dsfi2sex1mkt0.png”, but these do not seem to siow
in “comp_lenfit_flt2sex1mkt0.png” — this may be #Bagxplained, but needs looking into in case thisre
a problem[Summary: see why sizecomp fits, residuals do ays match in R4SS]

JD35:The model outputs from SS are not user-friendly, iarparticular parameter names are not
intuitive or easy to identify (e.g. MGparm[4]?), @oe suggestion is that a similar tool be develdped
non-graphical output so that model parameters #met aseful diagnostics (e.g. likelihood component
values and RMSE “scores”) are easily identified emerpreted — this would be a huge help for
reviewers, and assessment authors may also fntintesaving device for the own purpog&simmary:
expand R4SS to summarize non-graphical output]

C. Future use of non-SS models

YC52: | believe some competitive models at différeamplexities should be developed for comparison
with the SS3. Dr. Teresa A'mar of AFSC is curremtveloping an operating model for management
strategy evaluation (MSE). With some modificatiaiiés model has the potential to be used as a stock
assessment model. A comparative study of stoclssisent, begot from different models, can help
improve understanding of fish population dynamiasdaied by the SSBSummary: add non-SS-based
models, with varying levels of complexity]

CD39: The complexity of the SS program makes fidift to compare the assessment results with runs
using other assessment programs, howelrershould be attempted particularly with simpterdels,

e.g. survey based, using alternative assessoeséotiee burden on the current dgaimmary: add
simpler, non-SS-based models, using other asségssors

CD40: Given the data structures available for tmeasment there are few if any alternative models f
the final assessment. Given the high dependentliyenane system, a custom built approach could be
developed (as a research project?) to providetamative; alternatively test data set that reproduces
the characteristics of the cod stocks should beidered (as is being constructed by Teresa A'ngg) a
priority so that evaluation of the current modehfialations and changes to them can be examinedsigai
known solutionsf]Summary: develop EBS and GOA Pcod test data cetgaluate models]
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JD36: Another issue is the debate about whethek stesessment should be “custom-built”, or whether
“off the shelf” modelling frameworks should be us&tere are pros and cons on both sides of the
argument... There are a few examples of compromises for #uie cod models to enable the SS
framework to continue to be used (e.g. lack of bidal selection for GOA leading to a split in thevay
data, and lack of constrained random walk over teading to selectivity by time blocks), but giviirat
these models appear to have reached their linbetrms of complexity within SS (a cause of the jitte
problem?), perhaps now is the time to revisit tibate PTSummary: consider replacing SS-based models
entirely]

D. Annual assessment and review processes

YC53: 1 recommend that retrospective analysis be conduoteall models considered in the stock
assessment to evaluate nature (positive or negatincemagnitude of retrospective errors....
Retrospective errors should be carefully evalufdethe estimates of stock biomass, fishing mdstali
and recruitmen{Summary: conduct retrospective analyses of all etgjd

YC54: Previous efforts were focused on accommodatiany different requests for model
configurations. | believe more effort should bergpgen model diagnoses to identify if the model
assumptions, implicit and explicit, have been \ieda This involves evaluating residual patterns for
distributional assumptions, CVs of each estimat@meters to identify if an estimated parameter is
significant, and the variance-covariance matriddamtify possible correlations between different
parameters (and then to see if such a correlatiorbe justified biologicallyJSummary: increase
attention to residual patterns and variances/coances]

YC55: The model used in the previous year’'s assessmettlmsbould be included automatically in the
next year's assessment as a background checkefonadel consistencjSummary: always include
previous year’s model in the new assessment]

YC56: Future assessment should try to keep the stocksmeat model relatively stable to avoid among-
model variability over year§Summary: keep the assessment model relativeljestaler time]

YC57: Many model configurations were used overtiime. | recommend analyzing among model
variations (for all the final models used differgefrs) to improve understanding of the model
performance and possible management implicationsaédng changes to the models over time.
[Summary: examine effects of model changes onmpeaftce, management]

YC58: The Plan Team and SSC need to discuss and reconarsiaf criteria that are well defined and
measureable for choosing the stock assessment rn®deimary: determine model selection criteria in
advance]

YC59: The Pacific cod may have a metapopulatiancsire in the BSAI. This stock spatial structureyma
call for separate area management for the BS and aéparate stock assessment for BS and Al seems t
be a logical way to start this proce&ummary: develop separate stock assessments fand@&l]

CDA41:There is a heavy reliance on a key stock assesstng production and presentation of the
assessment and output for the two stocks. Thisnedi on one person could present problems and can
result in an excessive workload at key times, daflgdf the stocks decline towards the SSB thrédlad
which severe restrictions are imposed. If, as le@nlsuggested, the Bering Sea and Aleutian Islands
assessment region is divided into two stocks, .n the workload of the key assessor will become
impractical.[Summary: if BS and Al assessments are separaseddifferent assessors]
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CD42:Part of the heavy workload results from the requast for the assessor to run a series of
exploratory models as suggested by members ofubkcpreviewers etc. prior to each annual meeting.
This is considered excessive and can place undssyme on the assessment team whilst also introggluci
a perception of uncertainty/instability with resperthe assessment procgSsimmary: reduce number
of exploratory models]

CDA43:ICES has introduced a system of benchmarking afstessments in which assessment models are
reviewed at a scientific meeting which agrees &t lnodel structure and data sources availableast t
time. The structure and data sources are thenrfr@gart from the addition of new data each yeat, a

the assessment run as an update for a fixed nuvhlgerrs - unless evidence is presented of the foeed

a new review. At the end of the agreed time franegprocess is repeated, the biology of the stock,
available data and potential models are investijatéormation sources agreed and the cycle restart
Such a cycle would allow the stock assessors toertrate on each stock in alternate years (foamtst)

so that development can be evaluated in a moreaeldme frame compared the current system which is
trying to deliver the best science for two (potalhithree) stocks simultaneous[fgummary: freeze

model structure for a pre-determined number of gear

CD44,45: One way in which the workload could beuast is to separate the information within the
assessment report into two documents; currentlyepert has a split personality. It tries to présba
technical aspects of the collection of the new datdlable each year from the surveys and observer
program, the diagnostics from the model fit to tipelated data and also provide a non-technical suynma
of the output for managers and the SAFE regdre report does not provide the full set of details
required for a full and detailed review of the mioddis is especially the case when a variety of runs
have been evaluated following suggestions frommbmbers of the public and management team. It
cannot summarize the build up to the final assesgraensitivity analysis and consequences for
management without being too large to produce gaahAn approach that has been used elsewhere is
the production of an annual technical report tlaait loe used by reviewers and a summary report for
managers that can be updated with new informateh gear if it is available and relevant. A lowdiat

is required for the technical report can be auteshdEummaries: split assessment report into
“technical” and “summary” reports; add more detdib the technical assessment report]

CD46,47: As part of the review process it was \@ffjcult to determine the degree of variation thas
occurred in the estimated stock and managemenicsbgtween the consecutive assessments. ICES and
others produce two forms of quality control diagsais part of their annual reporting, that givéginis
into the variation from year to year in the peraapbf stock status:

1. Retrospective analysis - the final agreed modatsire fitted, stepping backwards in time,

removing a year of data each time

2. Quality control diagrams — showing the resultshef final agreed assessment from each year
It is suggested that as part of the reporting meseich diagrams and their equivalent on a relatiate
(e.g. SSB/ SSB25% as that is the scale used foagesnent) be considerd@ummaries: conduct
retrospective analysis of final model; add timeesiof all historical assessment results to SAFE]

JD37:A related point is that the annual process of cgnoip with the best assessment seems to have
become extremely time-consuming, and raises thstigmeabout whether things really are changing that
much from year to year (reflected by year-to-ydsnges in model structure), or whether one is just
essentially modelling noise.... An alternative apptoaould be to settle on a particular model stmectu
for a longer period (say 3-5 years), because femige would probably only be detected on such @-tim
scale anyway. Of course, detailed work on the nedel can continue in the interim period, making us
of the latest scientific research, but also keepimgye on the current model to make sure that
assumptions are not violated to the extent thaitbéel leads to poor management decisifBismmary:
freeze model structure for a pre-determined nunolbgears]
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E. Harvest strategy evaluation

YC60: Although the SS3 has projection capacity, it haduti-in component for MSE. | believe ongoing
research efforts to develop an MSE framework ferRacific cod can provide an important analytical
tool to evaluate alternative management strategidsheir associated ris{Summary: continue existing
MSE work]

YC61: Recent assessments incorporate the modelgbiani. | recommend that the performance of the
projection done in the past assessment be evaluateaspectively, to evaluate their performance in
achieving the management objectij@&immary: evaluate performance of last year’s petgm vis-a-vis
objectives]

CD48: The harvest strategies for the two cod staokis(and for other fish stocks in the region) are
constructed from sound theoretical reference Iefeelisheries systems assumed to be in equilibrium
However, even though the mortality rate has renthinell below the target level, following a serids o
low recruitments to the stock, there was been fndeinn SSB to just above B35% for both cod stocks...
This suggests that although a HCR based on theetiesd equilibrium population structure might be
expected to perform well, in reality if fishingthie MaxFABC had been permitted the current
management plan structure could lead to closutkeofishery with greater frequency than would be
expected. The response of the stock at lower |efedgploitation than defined by the HCR, suggésas
the HCR may not robust to auto-correlationit.is suggested that, if they have not already been
conducted in the design of the current HCR, evaloatof the HCR of the form described by Teresa
A’mar in are conducted. Recruitment autocorrelasbould be part of the operating model in order to
evaluate the performance of the current HCR withuigment series that approximate the observeéseri
rather than based on random re-sampling fromedfieguilibrium curvelSummary: incorporate
recruitment autocorrelation into existing MSE work]

CDA49:The presentation by Teresa A'mar discussed ongeorg to evaluate the management plan used
for the cod stocks. This should be fully supporfEus recommendation is based on a series of
observations from the review process:

1. The first concerns the decrease in stock biomasnite exploitation rate has been low
throughout the recent time period in comparisotihé&potential target levels that could be
achieved under the management plan.

2. The second observation is that the cod reviewdaseumber of questions that may not have
well defined estimates (e.g. natural mortality leyéut the sensitivity of the model estimates and
the outcome of the harvest control rule to thdieas could be evaluated and included within
modified plans. Some suggestions for the study avbat

a) The sensitivity of the stock and fishery outconteautocorrelation in recruitment rather

than based on random re-sampling from a fittedléqguim curve.

b) The assumptions concerning natural mortality.

c) The form of the stock and recruit relationship.

d) The lack of agreement in ageing cod and the impflsias.

e) The frequency of the trawl survey series in the GOA
Whilst the study would not a definitive answer lassues, especially as modeling the cap on tztdh
in the Bering Sea would is problematic, it wouldhlight key areas of model and HCR sensitivity that
could be addressed by modifications to the [@ammary: continue existing MSE work]
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Table 1: Recommendations (page 1 of 3). "Sec."wm®ctSub."=subsection, "Rec."=recommenda
"Tot." = total recommendation number, "Uni." = unégrecommendation no. (duplicates exclu

Sec Sub Rec Tot. Uni. Summary of recommendati

I 1e YC1 1 1 continue existing research on age determinatioiclatbr
I 1le YC2 2 2 estimate ageing error extern:

I 1le YC3 3 3 retain use of age composition ¢

I 1le YC4 4 4 explain missing 2-year-olds in GOA sur

I 1le YC5 5 5 expand existing research on age determinationaiabic
I 1le YC6 6 6 downweightage and length data if both are

I 1le CD1 7 7 retain current otolith and length sampling proces

I 1le CD2 8 8 retain use of ageing error ma

I 1le CD3 9 3 retain use of age composition ¢

I 1le CD4 1C 9 ifageing criteria change, include fishery age cosion dat
I 1e JD1 11 3 retain use of age composition ¢

I 1le JDz 12 8 retain use of ageing error ma

I 1e JDE 13 1 continue existing research on age determinatioidlaigbr

I 1le JD4 14 10 include fishery age composition d

I 10 YC7 15 11 iflength-at-age variance estimated externally,t@mze-at-age da
I 1k CDS5 16 12 if cohort-specific growth not used, omit size-aeatat:

I 1k CD€ 17 13 downweight age and size-at-age data if both ard

I 1b JDE 18 14 investigate appropriate weighting of non-indepemdier

I 1c YC8 18 15 estimate ageing bias externi

I 1c CD7 2C 16 consider variable/flexible growth as an alternativageing bie
I 1c CD8 21 17 constrain ageing bias to increase with

I 1c CDS 22 18 revise SS to allow for asymmetric ageing

I 1c JDE€ 23 19 explore internal estimation of ageing t

I 1d YC9 24 20 estimate length-at-age variance by otolith back+datior

I 1d CD1C 25 21 estimate length-at-age variance exterr

I 1d CD11 26 22 retain current procedure for estimation of lengtage varianc
I 1d CD1lz 27 23 investigate apparent curvilinearity of length-aeagrianc

I 1d JD7 28 22 retain current procedure for estimation of lengtage varianc

I 2e YC10 29 24 retain current partitioning of catch data by yesaason, ge

I 2 YC11 3C 25 evaluate variability of catch data quality by yesgason, ge

I 2e YC12 31 26 include catch from all sourc

I 2e YC13 32 27 change requirements for observer cove

I 2e YC14 33 28 compare and cross-validate catch data from diffesearce

I 2e YC15 34 28 evaluate current catch sampling/reporting systersimulatiol
I 2 YC16 3% 30 estimate catch uncertail

I 2 YC17 36 31 once catch uncertainty has been estimated, evateatepact
I 2 CD1: 37 32 retain current seasonal structure for catch aretgeity

I 2e CD14 38 33 do notaggregate catch across gears if selecis/gld constal
I 2¢ JDE 39 3C estimate catch uncertail

I 2b YC18 4C 34 retain current partitioning of sizecomp data bysseaand ge:

I 2b YC19 41 35 quantify uncertainty associated with fishery sizapadati

I 2b YC20 42 36 evaluate variability in quality of sizecomp datay®ar, season, ge
I 2b YC21 43 37 justify blocks based on analysis of factors thay redect selectivit
I 2b YC22 44 38 omitfleets that have minimal impacts on the asses:

I 2b YC23 45 39 explore dynamic binnir

I 2b YC24 46 40 evaluate precision of length measurem

I 2b YC25 47 41 evaluate effects of recent SSL area closures ecaizp dat

I 2b YC26 48 42 evaluate effects of survey sampling design on simgcprecisio

I 2b CD1t 49 43 investigate treatment of sample size in SS whemgimgbin:
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Table 1: Recommendations (page 2 of 3). "Sec."®z®ctSub."=subsection, "Rec."=recommenda
"Tot." = total recommendation number, "Uni." = unégrecommendation no. (duplicates exclu

Sec Sub Rec Tot. Uni. Summary of recommendati

I 2b JDS 50 43 investigate treatment of sample size in SS whemgimgbin:
I 2b JD1C 51 44 explore coarser bin structure for large s

I 2c CD1l€ 52 45 do not use the existing small sample of fisherycag® dat

I 2c CD17 53 46 include a bimodal, parametric selectivity curvesi

I 2c JD11 54 47 retain partitioning of GOA survey data into sub&Wl 27+ range
I 2c JD1z 55 48 explore possible over-parameterization of GOA sulz&chabilit
Il 2c JD1: 56 46 include a bimodal, parametric selectivity curveSi

I YC27 57 49 retain use of von Bertalanffy grov

] YC28 58 50 estimate o externall

I YC28 59 51 estimate growth internally only if parameter coatelns justifies
I YC30 6C 52 consider estimating all growth parameters extey

Il CD1€ 61 53 include more flexible growth functions in

Il JD14 62 53 include more flexible growth functions in

I YC31 63 54 develop hypotheses to explain derived selectiwtyes

I YC32 64 55 consider the possible effect of partial availapita the fisher

I YC33 65 56 retain current partitioning of selectivity by sea

I YC34 66 57 evaluate selectivity trend using random walk, daetfat a tim
I CD1¢ 67 58 if possible, link selectivity to tagging studiesather assessme
I CD2C 68 59 userandom walk selectivity, hold constant wher@nge is sme
I JD1t 69 60 force just one selectivity to be asymptotic, justhis assumptic
I JD1€ 7C 61 explore bimodal selectivity for GOA sun

Il JD17 71 62 use random walk selectivity or justify current kectatisticall

I YC35 72 63 conduct more studies on survey catchability, incigarchival tag
Il CD21 73 64 increase the area of release in tagging st

Il CD2z 74 65 add conventional tagging studies to future archiaglstudie

I JD1¢ 75 66 retain catchability estimates corresponding to Ni&h al. (2007

Il JD1¢ 76 63 conduct more studies on survey catchability, incigdrchival tag

I YC36 77 67 retain use of Jensen’s equation to estima

I YC37 78 68 use unbiased age at maturity when applying Jensejpiatiol

I YC38 79 69 if approach is Bayesian, derive M prior from altgime estimatol
I CD2: 8C 70 estimate M external

Il CD24 81 71 retain current estimates of

Il CD2t 82 72 once data are sufficient, use M-at-age from mudiiggs mode

I CD2¢ 83 73 change M value only during ¢cycle “benchmark” meetin

Il JD2( 84 74 retain current estimates of M unless studies iridiogherwis

I YC39 85 75 adjust survey variances to account for non-randesnt

Il CD27 86 75 adjust survey variances to account for non-randesige

I CD2& 87 76 retain current method for computing input N for tmdmial

I CD2¢ 88 77 do not iteratively reweight input N for multinomr

I JD21 88 76 retain current method for computing input N for tmdmial

I JD2z 9C 78 do not downweight fishery sizecomp c

I JD2: 91 79 consider setting input N for multinomial equal tenmber of trip
Il JD2¢ 92 75 adjust survey variances to account for non-randesigt

I YC40 93 80 standardize survey abundance to remove environirtesrals
Il CD3C 94 81 analyze effects of environmental changes on susectivity
I CD31 95 82 force survey selectivity to be constant over timéhie mode
Il JD2t 96 83 tie changes in survey selectivity to temperatuoe time

I YC41 97 84 estimateoR iteratively
I CD3z 98 85 do not estimatoR iteratively

O OoowooN~N~N~N~N~N~N~Nooco oot DIMNODWWW WW)
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Table 1: Recommendations (page 3 of 3). "Sec."wm®ctSub."=subsection, "Rec."=recommenda
"Tot." = total recommendation number, "Uni." = unégrecommendation no. (duplicates exclu

Sec Sub Rec Tot. Uni. Summary of recommendati

Il 9 JD2¢ 99 86 consider fixingcR at an assumed va

I 1C YC42 10C 87 use habitat suitability to evaluate distributios-arvis surve

I 1C YC43 101 88 do not try to fit fishery CPUE de

I 1C YC44 10z 89 standardize fishery CPUE d

I 1C YC45 105 9C remove fishery CPUE data from the mc

I 1C YC46 104 91 compare survey and fishery CPUE exterr

I 1C CD3Z 105 92 remove pre-1982 survey data from the EBS ir

I 1C CD34 10€ 93 retain fishery CPUE data in the ma

I 1C CD3E 107 88 do not try to fit fishery CPUE de

I 1C JD27 10€ 94 retain use of pre-1982 survey data in the EBS n

I 1C JD2¢ 10S€ 93 retain fishery CPUE data in the ma

I 1C JD2¢ 11C 88 do not try to fit fishery CPUE de

N A YC47 111 95 identify/reduce uncertainty, improve quality of ddta before ut
A YC48 11z 96 justify choices/estimates involving life historystiery process
M A YC4S 11 97 report "recruitment” as the number of fish at a

M A YC5Q0 114 98 use a fully Bayesian approz

N A CD3€ 11t 99 reduce the number of parameters in the m

N A CD37 11€ 10C if fewer parameters used, adjust for added unceytaia MSE
A JD3C 117 101 investigate parameter redunda

N A JD31 11& 99 reduce the number of parameters in the m

I B YC51 11¢ 10Z include "robust" likelihood functions in .

1 B CD3& 12C 10:Z develop test data set to "benchmark” new versioss

N B JD3Zz 121 104 see whether bad fit to 2010 survey at small siz@saoding errt
1 B JD3I 12z 10t clarify graphs, reduce redundancy, improve robissime R4S
1 B JD3¢ 12Z 10€ see why sizecomp fits, residuals do not always Imgitd&4 S
11 B JD3t 124 107 expand R4SS to summarize non-graphical o

M C YC52 12t 10¢ add non-SS-based models, with varying levels ofpierity

11l C CD3¢ 12€ 10¢ add simpler, non-SS-based models, using othersms

1 C CD4C 127 11C develop EBS and GOA Pcod test data sets to evatuade|:

[N C JD3€¢ 12& 111 consider replacing SS-based models eni

I D YCbh3 12€ 112 conduct retrospective analyses of all mo

Il D YC54 13C 11: increase attention to residual patterns and vagslnovariance
1 D YCHh5 131 114 always include previous year's model in the nevessser

1 D YC56 132z 11t keep the assessment model relatively stable ave

Il D YC57 13: 11€ examine effects of model changes on performanceagemer
Il D YC58 134 117 determine model selection criteria in adve

I D YC5S 13t 11¢ develop separate stock assessments for BS ¢

11l D CD41 13€ 11¢ if BS and Al assessments are separated, use diffassesso
1 D CD4z 137 12C reduce number of exploratory moc

1 D CD4Z 13€ 121 freeze model structure for a pre-determined nurobgear:

1 D CD44 13€ 122 split assessment report into "technical” and "surgimaport:
Il D CD4t 14C 12% add more detail to the technical assessment |

1 D CD4€ 141 124 conduct retrospective analysis of final mc

Il D CD47 14z 12t add time series of all historical assessment resolSAFE

11 D JD3i7 14Z 121 freeze model structure for a pre-determined nurobgear:

I E YC60 144 12€ continue existing MSE wo

I E YC61 14t 127 evaluate performance of last y's projection vi-&-vis objective
1 E CD4€ 14€ 12¢€ incorporate recruitment autocorrelation into exigtMSE worl
1] E CD4€ 147 12€ continue existing MSE wo
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